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CLAIMS 



[Claim(s)] 

[Claim 1] The semiconductor device characterized by using a superconducting material for the 
transmission line (microstrip line) of a microwave monolithic integrated circuit. 
[Claim 2] The semiconductor device characterized by using the propagation circuit to which a 
microwave monolithic integrated circuit has a front-end amplifying circuit for low noises, and 
turns into a transmission line of the matching circuit of the input side of said front-end 
amplifying circuit from a superconducting material. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the device of the structure which 
raises a RF property about a semiconductor device in the semiconductor device which 
processes the analog signal of a microwave millimeter wave. 
[0002] 

[Description of the Prior Art] High performanceHzation of a semiconductor device progresses in 
recent years. In the device for a communication link The transistor using the compound 
semiconductor which operates to high frequency called Ka band (26.5-40GHz) and U band (40- 
60GHz) appears. An impedance matching circuit on this compound semiconductor substrate by 
the end of today with a transistor The microwave and monolithic integrated circuit (referred to 
as IVIIVIIC) formed in a monolithic came (ray KE Gupta etc.) to be announced. A microwave journal 
(A. KGupta. etal.Microwave Journal), Nov.1982. pp.77-84. However, when the thing of the small 
ground receiving amplifier of satellite broadcasting service is considered, for example, the 
present condition is the preamp which amplifies the minute electric wave from a satellite, a local 
transmitter, a mixer amplifier machine, etc. being manufactured as a chip of 2-3mm dimension 
which became independent respectively, and the above-mentioned MMIC's connecting them by 
bonding WAIWA, and collected as one receiving amplifier If it carries out the three above- 
mentioned chips to one chip, a chip is too large, and becomes disadvantageous on the 
manufacture yield, and it is made to manufacture as a separate chip, since each of a preamp, a 
local transmitter, and a mixer amplifier machine has a large area which the matching circuit 
occupies although it is a MMIC chip with a matching circuit including a transmission line. 
[0003] 

[Problem(s) to be Solved by the Invention] In MMIC, in order to make small area which a 
matching circuit occupies, there is the approach of making thin thickness (thickness of the 
substrate with which it is formed in the front face, H2, i.e., the matching circuit, of drawin g 2 ) of 
a chip, and narrowing width of face (W2 of drawing 2 ) of a transmission line. However, if the 
width of face of a transmission line becomes narrow in this case, the electric resistance of a 
transmission line will become large, it will become the cause of a signal loss or noise generating, 
and un-arranging will occur. Especially the loss of the input matching circuit for the preamps for 
low noises is directly related to degradation as it is. If the height of a transmission line is made 
high even if it makes width of face of a transmission line small, electric resistance will not be 
increased in direct current. However, the width efface of the transmission line where the 
dielectric constant of a substrate is generally greatly in contact with the substrate that electric 
field concentrate on a substrate side and by contributing effectually to conduction only the 
thickness called the skin depth of a surface of metal on a high frequency is carrying out main 
contribution to the signal loss. The purpose of this invention is to offer the semiconductor 
device which made the chip area of MMIC small, removing the fault of the conventional 
technique of generating the width of face of a transmission line writing narrowly, and holding the 
good point of the above-mentioned conventional technique. 
[0004] 
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[Means for Solving the Problem] This invention is a semiconductor device characterized by using 
a superconducting material for the transmission line (microstrip line) of a microwave monolithic 
integrated circuit. Or it is the semiconductor device characterized by using the propagation 
circuit to which a microwave monolithic integrated circuit has a front-end amplifying circuit for 
low noises, and turns into ^ transmission line of the matching circuit of the input side of said 
front-end amplifying circuit from a superconducting material. 

[0005] (Operation) Since the superconducting material with which electric resistance becomes 
zero is used for the electrode of a transmission line or a device and electric resistance does not 
increase even if the width of face of the electrode of a transmission line or a device becomes 
very narrow, the semiconductor device of this invention has the description with the operation 
which can make a matching circuit including a transmission line small, and can make the chip size 
of MMIC small. In the case of the preamp for low noises, if a superconducting material is used for 
a matching circuit, it not only can make the area small, but it can make resistance of an input 
side low. Since resistance of a gate electrode can be made low when a superconducting material 
is used as a gate electrode of the transistor contained in a preamp, there is the description with 
the operation which inhibits generating of a noise. 
[0006] 

[Embodiment of the Invention] Next, the example of this invention is explained with reference to 
a drawing. Drawin g 1 shows the conceptual perspective view of the important part of the 
semiconductor device of this invention, i.e.. the inductive line part using the transmission line 
(called a microstrip line in this case) in MMIC. The oxide ceramics of the shape of perovskite 
which consists of an yttrium (Y). barium (Ba). copper (Cu). and oxygen (O) as an ingredient of the 
superconduction material transmission line 2 are used for this example, using the gallium 
arsenide (GaAs) substrate 1 as a substrate of MMIC, and it is the substrate thickness HI. It 
inserts and is width of face Wl. The transmission line 2 constitutes the microstrip line with the 
earth electrode 3 formed in the substrate rear face. The above-mentioned superconduction 
material system shows the superconduction property that electric resistance becomes zero near 
the 77k of liquid nitrogen temperature. In order to prepare the above-mentioned superconduction 
material as film in up to a GaAs substrate, it carries out by the magnetron sputtering using argon 
gas in an oxygen ambient atmosphere. As a transmission-line pattern, in order to carry out 
pattern formation of the above-mentioned superconduction material film, it carries out by ion 
mealing using argon gas. 

[0007] In this example, it has the effectiveness that even for example, 1 -micrometer pattern can 
decrease the transmission-line pattern of 5-micrometer width of face with the conventional 
processing technique conventionally, and a chip size can be decreased to 1 /about 5 in this case. 
In order to strengthen adhesive strength to the film prepared on a GaAs substrate and its 
substrate, it is the thickness (for example. 500A) of the range thinner than a high frequency skin 
depth about usual state electrical conduction layers, such as titanium (Ti). and it is also possible 
to prepare, just before carrying out spatter formation of the superconduction material. Moreover, 
it is also clear that forming the multilayers of titanium metallurgy in the upper part of the above- 
mentioned superconduction material film for the purpose of making easy electric contact on the 
superconduction material film etc. goes into the right range of this invention. 
[0008] If the propagation circuit which consists of superconduction material represented with 
the above-mentioned inductive line uses as a matching circuit of the input side of a front-end 
amplifying circuit, it decreases as compared with the case where resistance of an input side 
does not use. and considers as the preamp of a low noise, and an effective thing is clear. 
[0009] Moreover, when using the propagation circuit which consists of superconduction material 
represented with the above-mentioned inductive line as a gate electrode of a transistor, it is 
distinct that the low noise property of a transistor improves by decreasing as compared with the 
case where gate electrode resistance does not use. 

[0010] In addition, in an example, although only the specific ingredient [ material / substrate 
material or / superconduction ] was described, it is clear that this invention is not limited only to 
the ingredient. For example, although the combination of one kind, such as silicon (Si), other 
compound semiconductors, and a dielectric, or varieties can also be guessed easily, and 
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superconduction material is also doubled with the ingredient and a membrane formation 
technique, a pattern formation technique is also doubled with an advance of a technique and it 
may change to a substrate, it is clear that it can go into the right range of this invention even in 
such a case. 
[0011] 

[Effect of the Invention] As mentioned above, according to this invention, occupancy area of the 
transmission-line circuit in MMIC can be made small by the device which narrows width of face 
of a transmission line by the above-mentioned configuration as explained to the detail. For 
example, it becomes possible not to drop a function on the inductance circuit using the 
superconduction material transmission line 2 as shows the inductance circuit using the usual 
state electrical conduction material transmission line 5 shown by drawin g 2 by drawin g 1 , or to 
raise a function, and to make area small. Here, it is the width of face W1 of a transmission line, 
W2 Distance HI with earth electrodes 3 and 6 H2 It fluctuates-like proportionally respectively. 
By the ability making small occupancy area of the transmission-line circuit in MMIC, the chip 
area of MMIC can be made small, if it is about [ raising the manufacture yield of MMIC ], and the 
same chip area, various functions can be accumulated more on a MMIC chip, and the 
semiconductor device which can attain low-pricing, multi-functionalization, and easy-ization of 
maintenance will be obtained. If a superconducting material is used as a gate electrode of the 
transistor contained in a preamp, the effectiveness of decreasing a noise figure and raising a low 
noise property will be acquired. 
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TECHNICAL FIELD 

[Field of the Invention] Especially this invention relates to the device of the structure which 
raises a RF property about a semiconductor device in the semiconductor device which 
processes the analog signal of a microwave millimeter wave. 
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PRIOR ART 



[Description of the Prior Art] High performanceHzation of a semiconductor device progresses in 
recent years. In the device for a communication link The transistor using the compound 
semiconductor which operates to high frequency called. Ka band (26.5-40GHz) and U band (40- 
60GHz) appears. An impedance matching cirrcuit on this compound semiconductor substrate by 
the end of today with a transistor The microwave and monolithic integrated circuit (referred to 
as MMIC) formed in a monolithic came (ray KE Gupta etc.) to be announced. A microwave journal 
(A. KGupta, etal.Microwave Journal). Nov.1982. pp.77-84. However, when the thing of the small 
ground receiving amplifier of satellite broadcasting service is considered, for example, the 
present condition is the preamp which amplifies the minute electric wave from a satellite, a local 
transmitter, a mixer amplifier machine, etc. being manufactured as a chip of 2-3mm dimension 
which became independent respectively, and the above-mentioned MMIG's connecting them by 
bonding WAIWA, and collected as one receiving amplifier. If it carries out the three above- 
mentioned chips to one chip, a chip is too large, and becomes disadvantageous on the 
manufacture yield, and it is made to manufacture as a separate chip, since each of a preamp, a 
local transmitter, and a mixer amplifier machine has a large area which the matching circuit 
occupies although it is a MMIC chip with a matching circuit including a transmission line. 
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EFFECT OF THE INVENTION 

[Effect of the Invention] As mentioned above, according to this invention, occupancy area of the 
transmission-line circuit in MMIC can be made small by the device which narrows width of face 
of a transmission line by the above-mentioned configuration as explained to the detail. For 
example, it becomes possible not to drop a function on the inductance circuit using the 
superconduction material transmission line 2 as shows the inductance circuit using the usual 
state electrical conduction material transmission line 5 shown by drawing 2 by drawing 1 . or to 
raise a function, and to make area small. Here, it is the width of face Wl of a transmission line. 
W2 Distance H1 with earth electrodes 3 and 6 H2 It fluctuates-like proportionally respectively. 
By the ability making small occupancy area of the transmission-line circuit in MMIC, the chip 
area of MMIC can be made small, if it is about [ raising the manufacture yield of MMIC ], and the 
same chip area, various functions can be accumulated more on a MMIC chip, and the 
semiconductor device which can attain low-pricing, multi-functionalization, and easy-ization of 
maintenance will be obtained. If a superconducting material is used as a gate electrode of the 
transistor contained in a preamp. the effectiveness of decreasing a noise figure and raising a low 
noise property will be acquired. 
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TECHNICAL PROBLEM _^ 

[Problem(s) to be Solved by the Invention] In MMIC. in order to make small area which a 
matching circuit occupies, there is the approach of making thin thickness (thickness of the 
substrate with which it is formed in the front face, H2. i.e.. the matching circuit, of drawin g^ ) of 
a chip, and narrowing width of face (W2 of drawing 2 ) of a transmission line. However, if the 
width of face of a transmission line becomes narrow in this case, the electric resistance of a 
transmission line will become large, it will become the cause of a signal loss or noise generating, 
and un-arranging will occur. Especially the loss of the input matching circuit for the preamps for 
low noises is directly related to degradation as it is. If the height of a transmission line is made 
high even if it makes width of face of a transmission line small, electric resistance will not be 
increased in direct current. However, the width of face of the transmission line where the 
dielectric constant of a substrate is generally greatly in contact with the substrate that electric 
field concentrate on a substrate side and by contributing effectually to conduction only the 
thickness called the skin depth of a surface of metal on a high frequency is carrying out main 
contribution to the signal loss. The purpose of this invention is to offer the semiconductor 
device which made the chip area of MMIC small, removing the fault of the conventional 
technique of generating the width of face of a transmission line writing narrowly, and holding the 
good point of the above-mentioned conventional technique. 
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MEANS • 

[Means for Solving the Problem] This invention is a semiconductor device characterized by using 
a superconducting material for the transmission line (microstrip line) of a miicrowave monolithic 
integrated circuit. Or it is the semiconductor device characterized by using the propagation 
circuit to which a microwave monolithic integrated circuit has a front-end amplifying circuit for 
low noises, and turns into a transmission line of the matching circuit of the input side of said 
front-end amplifying circuit from a superconducting matierial. 
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OPERATION 

(Operation) Since the superconducting material with which electric resistance becomes zero is 
used for the electrode of a transmission line or a device and electric resistance does not 
increase even if the width of face of the electrode of a transmission line or a device becomes 
very narrow, the semiconductor device of thiis invention has the description with the operation 
which can make a matching circuit including a transmission line small, and can make the chip size 
of MMIG small. In the case of the preamp for low noises, if a superconducting material is used for 
a matching circuit, it not only can make the area small, but it can make resistance of an input 
side low. Since resistance of a gate electrode can be made low when a superconducting material 
is used as a gate electrode of the transistor contained in a preamp, there is the description with 
the operation which inhibits generating of a noise. 
[0006] 

[Embodiment of the Invention] Next, the example of this invention is explained with reference to 
a drawing. Drawin g 1 shows the conceptual perspective view of the important part of the 
semiconductor device of this invention, i.e.. the inductive line part using the transmission line 
(called a microstrip line in this casie) in MMIC. The oxide ceramics of the shape of perovskite 
which consists of an yttrium (Y), barium (Ba), copper (Cu), and oxygen (O) as an ingredient of the 
superconduction material transmission line 2 are used for this example, using the gallium 
arsenide (GaAs) substrate 1 as a substrate of MMIC. and it is the substrate thickness HI. It 
inserts and is width of face W1 . The transmission line 2 constitutes the microstrip line with the 
earth electrode 3 formed in the substrate rear face. The above-mentioned superconduction 
material system shows the superconduction property that electric resistance becomes zero near 
the 77k of liquid nitrogen temperature. In order to prepare the above-mentioned superconduction 
material as film in up to a GaAs substrate, it carries out by the magnetron sputtering using argon 
gas in an oxygen ambient atmosphere. As a transmission-line pattern, in order to carry out 
pattern formation of the above-mentioned superconduction material film, it carries out by ion 
mealing using argon gas. 

[0007] In this example, it has the effectiveness that even for example. 1 -micrometer pattern can 
decrease the transmission-line pattern of 5-micrometer width of face with the conventional 
processing technique conventionally, and a chip size can be decreased to 1 /about 5 in this case. 
In order to strengthen adhesive strength to the film prepared on a GaAs substrate and its 
substrate, it is the thickness (for example. 500A) of the range thinner than a high frequency skin 
depth about usual state electrical conduction layers, such as titanium (Ti). and it is also possible 
to prepare, just before carrying out spatter formation of the superconduction material. Moreover, 
it is also clear that forming the multilayers of titanium metallurgy in the upper part of the above- 
mentioned superconduction material film for the purpose of making easy electric contact on the 
superconduction material film etc. goes into the right range of this invention. 
[0008] If the propagation circuit which consists of superconduction material represented with 
the above-mentioned inductive line uses as a matching circuit of the input side of a front-end 
amplifying circuit, it decreases as compared with the case where resistance of an input side 
does not use, and considers as the preamp of a low noise, and an effective thing is clear. 
[0009] Moreover, when using the propagation circuit which consists of superconduction material 
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represented with the above-mentioned inductive line as a gate electrode of a transistor. It is 
distinct that the low noise property of a transistor improves by decreasing as compared with the 
—case where gate electrode resistance does not use. 
[0010] In addition, in an example, although only the specific ingredient [ material / substrate 
material or / superconduction ] was described, it is clear that this invention is not limited only to 
the ingredient For example, although the combination of one kind, such as silicon (Si), other 
compound semiconductors, and a dielectric, or varieties can also be guessed easily, and 
superconduction material- is also doubled with the ingredient and a membrane formation 
technique, a pattern formation technique is also doubled with an advance of a technique and it 
may change to a substrate, it is clear that it can go into the right range of this invention even in 
such a case. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is drawing having shown the conceptual diagram for the principal part of the 
semiconductor device of this invention. 

[Drawing 2] It is drawing having shown the Conceptual diagram of the conventional 
semiconductor device of a function to drawing 1 . 
[Description of Notations] 

1 Four GaAs substrate 

2 Superconduction Material Transmission Line 

5 Usual State Electrical Conduction Material Transmission Line 

3 Six Earth electrode 
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